A Gram-stain-negative, strictly aerobic bacterium, designated strain GY12
T was most closely related to the genera Gaetbulibacter, Flaviramulus, Mariniflexile and Tamlana with 16S rRNA gene sequence similarities of 94-97 %, but phylogenetic inferences based on 16S rRNA gene sequences showed that the strain formed phyletic lineages distinct from these genera within the family Flavobacteriaceae. On the basis of phenotypic and molecular features, strain GY12 T represents a novel species of a new genus in the family Flavobacteriaceae, for which the name Litoribaculum gwangyangense gen. nov., sp. nov. is proposed. The type strain of the type species is GY12
T (5KACC 16441
The family Flavobacteriaceae, proposed first by Jooste (1985) , is one of the major phylogenetic lineages within the class Flavobacteria of the phylum Bacteroidetes (Garrity et al., 2005) . The family Flavobacteriaceae accommodates Gramnegative, rod-shaped chemoheterotrophic bacteria that are non-motile or motile by gliding and contain menaquinone-6 (MK-6) as the major isoprenoid quinone (Bernardet et al., 1996 (Bernardet et al., , 2002 Bernardet, 2011) . Recently, a number of new members of the family Flavobacteriaceae isolated from diverse environments have been described, and at the time of writing, the family Flavobacteriaceae consists of 114 genera with validly published names (Euzéby, 1997) . Sea-tidal flats are coastal areas that experience exposure and flooding of seawater and may play important roles in nutrient-and carbon-cycling due to the high microbial abundance and diversity (Math et al., 2012) . It has been suggested that members of the family Flavobacteriaceae may play important roles in cycling of carbon compounds in marine environments (Kirchman, 2002; Bowman, 2005) . Here, we describe the taxonomic characterization of a novel genus belonging to the family Flavobacteriaceae, isolated from a tidal flat of South Sea in Korea.
Strain GY12
T was isolated from a tidal flat of Gwangyang bay (34 u 569 00.4999 N 127 u 36.189 7199 E) located in South Sea of Korea, using a previously described procedure with some modifications (Jeong et al., 2013a) . Briefly, a surface tidal flat sediment sample (less than 5 cm depth) was serially diluted using artificial seawater (ASW; 20 g NaCl, 2.9 g MgSO 4 , 4.53 g MgCl 2 . 6H 2 O, 0.64 g KCl, 1.75 g CaCl 2 . 2H 2 O per litre), spread on marine agar (MA; BD) and incubated at 25 u C for 3 days. The 16S rRNA genes of isolates grown on MA were PCR-amplified using the universal primers F1 and R13 (Jeong et al., 2013a) . The amplicons were double-digested with HaeIII and HhaI and the representative PCR products showing unique fragment patterns were sequenced. The resulting 16S rRNA gene sequences were analysed using the Nucleotide Similarity Search program (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) and a putative novel strain belonging to the family Flavobacteriaceae, designated GY12 according to the manufacturer's instructions and sequenced using the M13 reverse and T7 primers of the TOPO cloning kit. The resulting almost full-length 16S rRNA gene sequence (1486 nt) of strain GY12
T was checked manually for sequence quality. Sequence similarities of 16S rRNA genes between strain GY12
T and closely related taxa were obtained using the Nucleotide Similarity Search program at EzTaxone and the 16S rRNA gene sequences of strain GY12
T and closely related taxa were aligned using the fast secondarystructure aware Infernal aligner available in Ribosomal Database Project (RDP) (Nawrocki & Eddy, 2007) . Phylogenetic trees using the neighbour-joining (NJ) and maximum-parsimony (MP) algorithms were reconstructed by the PHYLIP software (version 3.68; Felsenstein, 2002) and their topologies were evaluated using bootstrap analyses with 1000 resampled datasets. Maximum-likelihood (ML) analysis with bootstrap values was performed using RAxML-HPC BlackBox on Abe (version 7.6.3) of the CyberInfrastructure (CIPRES, www.phylo.org; Stamatakis et al., 2005) . An additional taxonomic assignment was performed using the RDP naïve Bayesian rRNA Classifier tool at an 80 % confidence threshold (http://rdp.cme.msu.edu/classifier/ classifier.jsp, Wang et al., 2007) . (Fig. 1) . The phylogenetic trees built using the MP and ML algorithms showed that strain GY12
T formed different phyletic lineages distinct from Tamlana crocina HST1-43 T and Flaviramulus basaltis H35
T with low bootstrap values of 48 and 34 %, respectively (Fig. S1 , available in the online Supplementary Material). Phylogenetic analysis using the RDP Classifier program also indicated that strain GY12 T could not be phylogenetically assigned into any other genera with validly published names within the family Flavobacteriaceae. These results suggest that strain GY12
T forms a phyletic lineage distinct from related genera including Gaetbulibacter, Flaviramulus, Mariniflexile and Tamlana and can represent a new genus member of the family Flavobacteriaceae.
Growth temperatures, pH range and salt tolerance of strain GY12
T were examined in marine broth at various temperatures (10-45 u C at 5 u C intervals), pH values (pH 5.5-9.0 at 0.5 pH unit intervals) and NaCl concentrations [0-10 % (w/v) at 1 % intervals] as described previously (Jeong et al., 2013b) . Gram staining was investigated using a bioMérieux Gram stain kit according to the instructions of the manufacturer. Anaerobic growth was evaluated on MA under anaerobic (with 4-10 % CO 2 ) conditions using the GasPak Plus system (BBL) at 30 u C for 20 days. Cell morphology and the presence of flagella were investigated by phase-contrast microscopy and transmission electron microscopy (JEM-1010; JEOL) using colony cells exponentially grown on MA. Gliding motility was evaluated by phase-contrast microscopy as described by Bowman (2000) . The production of flexirubin-type pigments was assessed using the KOH test as described previously (Bernardet et al., 2002; McCammon & Bowman, 2000) . In addition, cellular pigments was determined by measuring absorption spectra of acetone/methanol (7 : 2, v/v) extracts using a scanning UV/visible spectrophotometer as described previously (SynergyMx; BioTek) (Biebl et al., 2005) . Oxidase activity was checked by the oxidation of 1 % (w/v) tetramethyl-p-phenylenediamine (Merck), and catalase activity was assessed by the production of oxygen bubbles in 3 % (v/v) aqueous hydrogen peroxide solution (Smibert & Krieg, 1994 ). Nitrate reduction was tested according to the method of Lányí (1987) . Antibiotic susceptibility tests were performed as described previously (Jeong et al., 2013b) . The following properties of strain GY12
T and reference strains were investigated in parallel under the same conditions at 30 uC. Acid production from carbon sources and utilization of various substrates for growth were determined as described by Leifson (1963) and Yurkov et al. (1994) , respectively. Additional enzymic activities, biochemical features and carbon utilization of strain GY12
T and five reference strains were determined by using API ZYM and API 20NE kits (bioMérieux) and the GN2 MicroPlate system (Biolog) according to the instructions of the manufacturers, except that inocula were prepared by resuspending cells grown in marine broth in ASW.
Cells of strain GY12
T were Gram-stain-negative rods devoid of flagella (0.4-0.6 mm wide and 1.8-2.4 mm long) (Fig. S2) . Production of flexirubin pigments was not identified from strain GY12 T . However, the UV spectroscopic analysis showed that cell extracts had absorption spectral peaks at 447 and 471 nm and a shoulder at 500 nm, typical absorption spectra of carotenoids with yellow and orange colours (Tan & Soderstrom, 1989) , which is almost identical to those of F. basaltis (Einen & Øvreås, 2006) . Strain GY12
T was resistant to ampicillin, lincomycin, tetracycline, neomycin, oleandomycin and kanamycin, but sensitive to novomycin. Additional physiological and biochemical characteristics of strain GY12
T are provided in Table 1, the species description and Table S1 , and compared with those of closely related taxa in Table 1 . Some phenotypic properties such as oxidase activity, gliding motility, nitrate reduction, temperature range for growth and anaerobic growth may allow the differentiation of strain GY12
T from other related taxa of the family Flavobacteriaceae.
Quinone compounds of strain GY12 T were analysed using a HPLC (LC-20A; Shimadzu) with a diode array detector (SPD-M20A; Shimadzu) and a reversed-phase column (25064.6 mm, Kromasil; Akzo Nobel) as described previously (Komagata & Suzuki, 1987) . For the analysis of cellular fatty acids, strain GY12 T , G. saemankumensis KCTC 
12379
T and M. gromovii KCTC 12570 T were cultivated on MA for 3 days at 30 u C to obtain approximately 1 mm-sized colonies from quadrant streaks, while G. lutimaris D1-y4 T and F. basaltis DSM 18180
T were cultivated at 25 u C on MA for 7 days to obtain approximately 1 mm-sized colonies. The cellular fatty acids were extracted, saponified and methylated using the standard MIDI protocol. The methylated fatty acids were analysed by GC (Hewlett Packard 6890) and identified by using the TSBA6 database of the Microbial Identification System (Sasser, 1990) . Polar lipids of strain GY12
T were determined by TLC as described by Minnikin et al. (1977) . DNA G+C contents were determined by the fluorimetric method (Gonzalez & SaizJimenez, 2002 ) using SYBR Green I and a real-time PCR thermocycler (Bio-Rad). Strain GY12
T contained MK-6 as the sole respiratory isoprenoid quinone, which is in agreement with those of the closely related genera of the family Flavobacteriaceae. The DNA G+C content of strain GY12
T was 34.8 mol%. Strain GY12 T contained phosphatidylethanolamine and an unidentified lipid as the major polar lipids (Fig. S3) , which was in accordance with those of reference species, G. saemankumensis, F. basaltis, M. gromovii and T. crocina (Jung et al., 2012; Jeong et al., 2013b; Yoon et al., 2013; Zhang et al., 2013) . In addition, two unidentified aminolipids and one more unidentified lipid were also detected from strain GY12
T as the minor polar lipids; the patterns of the minor polar lipids as well as the presence and absence of some minor polar lipids allowed the differentiation of strain GY12
T from the type species of related genera. The major cellular fatty acids (.5 % of the total fatty acids) were iso-C 15 : 0 G (35.7 %), iso-C 15 : 0 (35.5 %) and iso-C 15 : 0 3-OH (6.2 %) ( Table 2) . Although the overall fatty acid profile of strain GY12
T was similar to those of phylogenetically related taxa, the quantitative differences and the presence or absence of some cellular fatty acids clearly distinguished the strain from related taxa ( Table  2) . For example, the presence of a large amount of iso-C 15 : 1 G and a small amount of anteiso-C 15 : 0 in strain GY12 T clearly differentiated the isolate from the type species of related genera. Therefore, the phenotypic and phylogenetic features of strain GY12
T support its description as a novel species of a new genus within the family Flavobacteriaceae, for which the name Litoribaculum gwangyangense gen. nov., sp. nov. is proposed.
Siansivirga zeaxanthinifaciens CC-SAMT-1 T (HM179539)

Yeosuana aromativorans GW1-1 T (AY682382) Snuella lapsa JC2132 T (HM475133) Flaviramulus ichthyoenteri Th78 T (JX412958) Flaviramulus basaltis H35 T (DQ361033)
Sabulilitoribacter (Lee, 2007) . All strains are non-flagellated, Gram-stain-negative rods containing MK-6 and are positive for catalase, alkaline phosphatase*, leucine arylamidase* and acid phosphatase* activities. All strains are negative for flexirubin-type pigments, hydrolysis* of gelatin and urea, assimilation* of arginine and caprate, and a-fucosidase* and a-mannosidase* activities. +, Positive; 2, negative; W, weakly positive; NA, not available. 
a-Glucosidase Description of Litoribaculum gen. nov.
Litoribaculum (Li.to.ri.ba9cu.lum. L. n. litus -oris tidal flat; L. neut. n. baculum stick; N.L. neut. n. Litoribaculum a rodshaped bacterium isolated from a tidal flat).
Cells are Gram-stain-negative, strictly aerobic rods with gliding motility and are devoid of flagella. Oxidase-and catalase-positive. MK-6 is the only isoprenoid quinone. The major fatty acids are iso-C 15 : 0 G, iso-C 15 : 0 and iso-C 15 : 0 3-OH. Cells produce yellow and orange carotenoid pigments, but flexirubin pigments are not present. Phylogenetically, the genus is a member of the family Flavobacteriaceae in the phylum Bacteroidetes.
The type species is Litoribaculum gwangyangense.
Description of Litoribaculum gwangyangense sp. nov.
Litoribaculum gwangyangense (gwang.yang.en9se. N.L. neut. adj. gwangyangense of or belonging to Gwangyang Bay from where the type strain was isolated).
In addition to the characters listed for the genus, the species is characterized by the following features. acid, DL-carnitine, uridine, phenyethylamine, glucose 1-phosphate and glucose 6-phosphate; other organic substrates included in the Biolog GN2 MicroPlate are not utilized. The major cellular fatty acids (.5 %) are iso-C 15 : 1 G, iso-C 15 : 0 and iso-C 15 : 0 3-OH. The polar lipids consist of phosphatidylethanolamine, two unidentified aminolipids and two unidentified lipids.
The type strain is GY12 T (KACC 16441 T 5JCM 18325 T ), which was isolated from a tidal flat of Gwangyang Bay, South Korea. The DNA G+C content of the type strain is 34.8 mol%. 
